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2Based on this denition, in section IV, we motivate
and dene linear quantum mechanics (LQM).
In section V, we dene subsystems and interactions in
linear quantum mechanics.
Finally, in section VI, we lay the foundation of our
new results by dening our model of measurement, as
a process that extracts information from a sample in a
certain way and stores this information in a record. This
denition introduces the notion of measurable states.
In section VII, we start applying our model by studying
multiples of measurable states.
In section VIII, we investigate superpositions of mea-
surable states and dene degeneracy.
In section IX, we introduce incoherent measurement.
Section X deals with what can happen with informa-
tion extracted from a sample, by introducing the notion
of publishing as composite measurements.
Section XI investigates how information from multiple
measurements can be brought together.
In section XII we use this to study how results can be
compared.
In section XIII, two samples are measured and the re-
sults are compared.
In section XIV, we see why this is dierent to measur-
ing the same sample multiple times and then comparing
the result.
Section XV deals with the Einstein-Podolski-Rosen
(EPR) experiment, claries the process and predicts the
correct results.
In section XVI, we investigate the structure of the set
of measurable states.
In section XVII, we construct an orthonormal basis
and Hermitian operators and thereby make a connection
to the common approach.
In section XVIII, we assume that time development is
unitary.
In section XIX, we treat the case of may samples in
initially equivalent states to prepare the next section and
one of our most important results.
In section XX we predict the occurrence of probabili-
ties in superpositions of measurable states and we predict
their dependence on the coeÆcients.
Finally, section XXI presents the Amherst Interpreta-
tion of quantum mechanics, which follows logically from
what is derived in this paper.
In section XXII, we draw conclusions and present the
Amherst Interpretation of quantum mechanics.
II. QUANTUM MECHANICS AND ITS
INTERPRETATIONS
Before we can develop an interpretation of quantum
mechanics, we rst will draw a distinction between two
parts of what is commonly considered quantum mechan-
ics: The rst part, we will identify as what we consider
the proper quantum mechanics. To avoid confusion, we
will refer to it as linear quantum mechanics (LQM). The
second part will be what we consider an interpretation of
quantum mechanics.
As the name suggests, LQM will involve what is linear
about quantum mechanics:
 The set of states of a system is a complex Hilbert
space.
 Time development is linear.
 Physical observables can be represented by self-
adjoint or Hermitian homomorphisms or operators
on that Hilbert space.
LQM forms a core of quantum mechanics that thrives
on the beauty and elegance of linear algebra. The struc-
ture of this part is well-established.
On the other hand, most who use quantum mechanics
typically believe, that the world is described by linear
quantum mechanics only part of the time, and that to
describe the other parts, one must add a set of axioms
usually called an interpretation of quantum mechanics.
The most popular interpretation is the Copenhagen In-
terpretation, which adds the following axioms:
 The process of measurement is distinct in a sense
that a process that is a measurement is always very
dierent from a process that is not a measurement.
 Measurements are non-linear time developments:
States \collapse".
 Probabilities of measurement outcomes can not be
derived, especially not by assuming linear time de-
velopment, and therefore must be postulated.
At rst sight, these additional axioms seem necessary:
It appears, LQM alone is neither compatible with obser-
vations nor with the interpretations used to supplement
it. Therefore, it is believed that predictions can only be
made by using an alternating picture: A world that keeps
on switching between linear time development and mea-
surement processes, and only this constant switching can
explain observations.
We claim that contrary to popular opinion, non-linear
development is not necessary to predict observations, and
that some of what is considered to be axioms of an inter-
pretation can be derived from LQM. We nd that LQM
alone is suÆcient to describe the world as we observe it.
III. MECHANICS
Let us briey review what we mean by linear quan-
tum mechanics, rst to make it easier to distinguish it
from what is widely perceived as quantum mechanics,
and second to make it clear what axioms we need for
what follows.
In any kind of mechanics, be it classical or quantum,
the question is to describe how a system involves in time.
3This means there is a parameter t, which is a real number,
called time. Time development is a function from time t
to a set of system states H. A system is characterized by





2 H and by some constraint on the
















We note that the mere fact that it makes sense to write
down a derivative implies a certain structure of the set
of states H: Since a derivative is dened as a limit of a
product between a number and a dierence of two ele-
ments ofH, H must be a manifold over a eld that allows
to do calculus, for example the real numbers.
This structure, however, acts in general only locally,
dening the relationship between states lying close to
each other in H. This means that knowing a limited
subset of H, usually nothing can be said about H as a
whole.
Revolutionary about quantummechanics is that it goes
one step further and postulates a global structure of H.
IV. LINEAR QUANTUM MECHANICS
The beauty and power of quantum mechanics lies in
the choice of a set of states H with a certain global struc-
ture and the requirement, that the time development be
compatible with this structure.
Quantum mechanics, which we will from now on call
linear quantum mechanics (LQM) to make it clear that
we do not include anything from the Copenhagen Inter-
pretation in it, postulates:
 H is a complex Hilbert space
 Time evolution is linear
Being a complex Hilbert space puts strong constraints
on H: If we know a basis of it, we know the whole set.
Linearity is a strong constraint on time evolution: It
































and that this operator obeys the following linearity





































The incredible power behind this innocent looking for-
malism is that once we know how a small subset of
states|for example a basis|evolves in time, I know al-
ready how any state evolves in time.
At rst sight, these constraints seem to be too tight to
predict what we can observe, but we will nd they are
just what we need.
V. SUBSYSTEMS AND INTERACTION
A system is said to have subsystems, if its set of system











is the set of system states for subsystem i.
Some, but not all states of the complete system can be


















States that can not be written as a product of subsys-
tem states are called entangled. Any state, however, can






















A separation of a system into subsystems is in general
not unique, but often a choice is motivated by a given
kind of interactions.
Subsystems are called non-interacting, if time develop-









such that each subsystem state evolves in time inde-

























In other words, two subsystems are non-interacting, if
non-entangled states of the complete system stay non-
entangled. A system is called weakly interacting if cor-
rections to the non-interacting condition are small.
If we have more than two subsystems, we can dene
that some of them are interacting with each other and
some are not. Note that in these case the attribute of















This property makes quantum mechanics more com-
plicated than classical mechanics, where interactions can
often be reduced to exchange quantities.
4VI. COHERENT MEASUREMENT
We now come to the crucial task of designing a model
for measurement. It shall be based on what we have
stated before about linear quantum mechanics (LQM).
At the heart is a system called the sample S. Measure-
ment is a process by which informationmay be extracted
from the sample by interaction with an experimenter E.
To keep the picture as simple as possible, let us assume
the interaction between S and E happens only during a
short period of time, and outside this time window, S
does not interact with any other state.
We will be humble enough to admit, that not for any
state of S we can perform a measurement the way we





. So our only concern for








We will see later what can be known about M
S
and




After we have decided where we want to extract infor-
mation from, the next question is where this information
should go.
Obviously, the experimenter E has this information,
but it is very hard to make reasonable predictions about
the state of E. The state of E may draw out of a huge
space of states. We may imagine that a physicist will,
depending on the result of a measurement, get the Nobel
prize or quit and go into politics. We may also assume
that the state of E heavily depends on the cup of coee
he or she drank the morning before the experiment.
To focus on the information actually extracted from
the sample, we introduce a third subsystem, the record
R. We assume, the experimenter E will store the in-
formation extracted from S in R. We assume this can
happen in a way that the nal state of the record R de-
pends only on the initial state of the sample.
In particular, the nal state of the record does not
depend in its own initial state.
Further, we want to assume the nal state of S after
the measurement is the same as before the measurement.
About the previous or nal state of E, we admit that
we know almost nothing, except that E is responsible
enough to perform the measurement in the way we de-








The measurement then will be represented by a special
time evolution U
M
that takes the whole system consisting
of S, E and R from a point of time before the experiment
to a time after the experiment.
Outside this time interval, S and R do not interact
with any other system. E may interact in any way he or
she likes.








, then we dene coherent





































for the nal state of R to de-












all initial states. These dependencies are not explicitly
denoted, but will be kept in mind later.
Given this model, we now can start to derive essential
properties of the measurement process.
VII. MULTIPLES OF STATES










is a measurable state and a is a complex














In other words, we ask what we know about multiples




































































This represents exactly what we have dened to be a































From nothing else but the algebraic structure of the
Hilbert space and the linearity of time development, we
found that if a state is measurable, then all its multiples
are measurable, too, and that measurements of multiples
of states lead to the same state of the record.
VIII. SUPERPOSITIONS AND DEGENERACY
As the next step we will examine superpositions of mea-






























What if we perform a measurement? It turns out there























































































































So in general, the linear combination of two measurable
states is not measurable.






























































































































































































are similar enough neither that the experimenter nor the
record are not inuenced by the dierence, any linear
combination is a measurable state.
A set of measurable states with this property, that su-
perpositions are measurable states, we shall call degener-
ate.


















is degenerate to the original states.
Interestingly, we have not covered all cases, but left
out the intermediate case between the above two. This
case will be covered in Section IX
IX. INCOHERENT MEASUREMENT
In Section VIII we investigated two opposite cases of
measurement of a superposition of two measurable states.
From the denition of measurable states, we stated the
results for separate measurements of the two measurable
states, and then concluded what would happen for a mea-
surement applied to a superposition of the two.
In the rst case, we assumed that the records for the
separate measurements were dierent and found that
the superposition is clearly not measurable. In the sec-
ond case, we assumed that in the two separate measure-
ments, both experimenter and record ended up in the
same states, and found that the superposition is in fact
a measurable state.
There is one more case, and this third case is espe-
cially interesting, because in a sense it marks the border
line between measurable and non-measurable. In consists
of all possibilities we have not covered in Section VIII.
These are dened as those were separate measurements































































































































































Unlike in the case of degeneracy, the state of the sample
and the state of the experimenter have become entangled
in such a way that it is not possible to factor out the state
of the sample after the measurement as we could do in
the case of degeneracy.
Clearly, the superposition is not a measurable state
according to our denition. To still acknowledge it as
an interesting phenomenon, we shall cover it by its own
denition.
An incoherent measurement U
IM
is dened as a pro-









































Now we shall see that our denition of measurement
is compatible what we would intuitively expect out of
a measurement: A measurement is intuitively a pro-
cess where information that is extracted from the sam-
ple is made available by the experimenter to others.
This means, others can extract the information from the
records, a process which we shall call publishing.
Formally, publishing can be represented by a second
measurement process U
P
, where the record R of the rst
experimenter E serves as a sample to a second experi-
menter E
P
with a second record R
P
.











can form a set of measurable states for the second mea-
surement.











































































































































































































































































































































































































What happens if publishable states are not degener-
ate, meaning their superpositions are not measurable,
but only incoherently measurable?
The interesting result is that incoherently measurable











































































































































































































































The notion of publishing is especially useful, because
it gives us a natural notion of combining results from
dierent measurements into concluding results.
Combining results from dierent measurements actu-
ally turns out to be the crucial step in understanding the
nature of measurements.
The setup is simple: We have two measurement setups





, its own record R
A=B
and its




After the two measurements have been carried out in-






serve as a sample for the next measurement process.
Since in physics, results are usually combined and pub-
lished by theorists, we shall call the experimenter T , and













































































































































































































with an isomorphic space of states. This means

















and vice versa, such that superpositions


































































. Let us assume that the measuring
processes are similar enough so that the equivalent states
of S
2
are also measurable, but non-degenerate. We shall














For the above case we will dene a special theorist, the
comparing theorist T
C
: The comparing theorist will com-





indicate that the sample states are













lead to dierent record states, this
is possible. If records indicate equivalence, the journal J





, if they indicate in-equivalence,












































































As an example of what happens if both samples are

















































































































































































































The second example shows what happens if the two

















































































































































































































XIII. MULTIPLE SAMPLES IN
SUPERPOSITIONS
Observations tell us that measurements applied to a
number of independent samples in the same state lead to
dierent results than repeated measurements of the same
8sample.
These observations have been seen as proof that linear
quantum mechanics can not predict these dierences and
therefore needs to be supplemented. we shall see that this
is not the case.
First we will look at two samples in equivalent states,
that are not measurable, but superpositions of measur-
able states.
We will use the same systems as in the previous section
and the same measurements. But now we take the mea-















































































































































































































































































































































































































































































































































































































































































What we should note regarding this messy looking re-





. This did not happen in cases studied before, when
the samples were in equivalent measurable states.












were not. The fact that sample states were not measur-












In fact, it appears as if the fact that the initial sample
states were equivalent had no signicance. If we had
started with two sample states not equivalent to each
other, the nal result would look the same except that
coeÆcients would be dierent.
In the next section, we will see that measuring the
same sample twice is a process fundamentally dierent
from measuring samples in equivalent states.
XIV. REPEATED MEASUREMENTS OF SAME
SAMPLE
The second key is to understand what happens if the
same sample gets measured multiple times.
Formally, the system and the time evolutions applied
to it look very similar to the what they looked like in th
previous section: Again, there will be two experimenters
E
1=2
, two records R
1=2
, a comparing theorist T
C
and the
journal of the comparing theorist, J .
The only formal dierence will be that instead of two
samples with isomorphic spaces of states and equivalent
initial states, we now have one sample.






. Since a measurable state is not
changed by any of the applied measurements, the initial
state survives through the end, and the whole process































































































































































The interesting case is the repeated measurement of a













measurable states, but not degenerate
states leading to dierent records Now the measurements












































































































































































































This results is amazing in several ways.
First, it obviously shows that measuring the same
sample multiple times leads to a fundamentally dier-
ent result than measuring multiple samples in equivalent
states.
Second, we came to the important result that the nal





even if the initial sample
states are not measurable. In the case of measurements
of multiple samples, such a thing can only happen if the
sample states were measurable and equivalent to each
other.
This indicates that the closest equivalent to measuring
one samplemultiple times, in any initial state, is the mea-
surement of multiple samples with measurable equivalent
states.
In other words: Any sample, if measured multiple
times, in a certain sense behaves as if it had been in
a measurable state and as if it is still in that state after
measuring.
And all this can be derived without resorting to any
notions violating linearity of time development.
In particular, nothing has appeared that motivates in
any way being called a \collapse" of a state.
XV. EINSTEIN-PODOLSKI-ROSEN
EXPERIMENT
The Einstein-Podolski-Rosen (EPR) experiment is one
of the most famous tests of quantum mechanics, origi-
nally as a thought experiment, but later even as a real
experiment.
The basis of EPR is a system that consists of two
subsystems that can be made non-interacting with each
other. Such a system is prepared in a state that manifests
itself in each of the two subsystems, such that measure-
ment applied to one subsystem should supply information
about the other subsystem.
After the preparation, the subsystems are made non-
interacting, for example by taking them a great distance
apart from each other, and measurements are applied to
the two subsystems separately.
The original proposal by Einstein involved a box con-
taining a particle, that was cut into two smaller boxes
such that the particle was in one of them. If the cutting
procedure was carried out in such a way that the parti-
cle had a chance to end up in either box, then it made
sense to take one of the boxes and measure it, whether it
contained the particle or not.
The interesting question arising here is what happens,
if both boxes are measured for particle content: If we
assume that there is still one and only one particle, this
poses a constraint between the outcomes of the two sepa-
rate measurements of the boxes: One box should contain
the particle if and only if the other one does not.
The actual realization of the EPR experiment was per-
formed using a scalar meson decaying into two particles
with spin. Here the constraint is the requirement, that a
scalar meson is a spin-singlet state and therefore the state
of the decay products must form a spin-singlet state, too.
The most striking feature of this setup is that a prepa-
ration of the system as a whole seems to lead to dierent
results than a separate preparation of each subsystem. It
has been found that measuring one subsystem seems to
eect the outcome of the measurement of the other sub-
system, in such a way, as if the system still remembers
that it has been prepared as a whole, and as if measure-
ment of one subsystem behaves like a measurement of the
system as a whole.
Supporters of the Copenhagen Interpretation try to
explain this by assuming that this event they refer to as
\collapse" happens to the system as a whole once one of
the subsystems is measured, aecting the state of each
subsystem. We will see that no such explanation is nec-
essary.
Using our model or measurement, the description of
10
the process is straight-forward. That our system has two
subsystems that can be measured independently from





, one for each subsystem.





itself can be considered a sample S.
The simplest way to represent this is to let each measur-
able state of S be the product of a measurable state of
S
1




















and then products or corresponding states will be


































Formally, we will proceed like in section XIII and have
accordingly two experimenters with two records measur-
ing the two subsystems independently as two indepen-
dent samples. We will also have a comparing theorist T
with a journal.
Introducing a comparing theorist implies we have an
equivalence between states of the two samples, and we














If the whole sample S is in a measurable state, then
the subsystems are in measurable, equivalent states. This
situation is reected in equation 29.
It becomes more interesting, if we prepare the two
subsamples in equivalent states that are not measurable.





































The result of the measurement was obtained in equa-
tion 32. However, it is worth to take an explicit look at


































































































































separately from each other. The state of the EPR exper-







. It is simply the sample as a whole pre-
pared in a superposition between two measurable states



























































, two terms are missing.






Due to the importance of EPR and the application





















































































































































































































































































































































































































































































We see that an EPR measurement is quite dierent
from a measurement of two equivalent samples.
Further, we see that even though the EPR process is
formally a measurement of two samples, the entangle-
11
ment of the states of the two samples make it appear
like multiple measurements of the same sample. To see
this, compare the EPR equation 39 with equation 34,
which describes multiple measurements applied to the
same sample.
XVI. THE STRUCTURE OF M
S
What we have found tells us about properties of the
structure of the set of measurable states M
S
. We will
need these properties for what follows.
We found in section VIII, that the linear combination
of measurable states is not necessarily a measurable state,
so M
S













) be the set of all
states in M
S






From the denition of degeneracy, equation 16, we nd





) are degenerate with respect
to each other.
We further nd from equation 17, that any superposi-




























The set of measurable states, even if not a Hilbert
space, is a union of Hilbert spaces, which are all sub-
Hilbert spaces of the Hilbert space H
S
of all sample
states, including those not measurable. Let us introduce

















Now let us ask if we have seen such a structure before.
The most important example in of such a structure is
the set of eigenstates of some operator. Consider, we
choose an operator A on H
S
, which has a non-empty set
E of eigenstates. We nd that for a given eigenvalue a,
the set E
a
of all eigenstates with eigenvalue a is a sub-
Hilbert space of H
S
. Therefore, E is a union of all the
E
a







This motivates the question, if there is an operator
whose eigenstates form M
S
, and what role such an op-
erator would play. This is the subject of section XVII.
XVII. ORTHONORMAL BASISES AND
HERMITIAN OPERATORS
Most treatments of fundamental quantum mechanics
introduce Hermitian operators at a very early point,
while we have not mentioned Hermitian operators up to
this point. The reader who has been missing them will
be pleased to nd them in this section.
Note that up to now, nowhere we have used any re-
quirements that states are normalized or orthogonal.
A Hilbert space by denition has a scalar product.
More accurately, a Hilbert space has an innite number
of dierent scalar products, from which one is chosen.
The choice of a scalar product can be made by choosing
that a given basis be an orthonormal basis. The choice,
which states are orthogonal, is equivalent to the choice,
which operators are Hermitian, because Hermitian oper-
ators must have orthogonal eigenstates.
In physics, the choice of orthogonality is usually made
by assuming that a certain set of commuting operators
is Hermitian. Then these operators have common eigen-
states with real eigenvalues, and an orthonormal basis of
these common eigenstates can be found. Choosing such
an orthonormal basis is equivalent to choosing a scalar
product.
We will do the same: We will nd a set of commuting
operators and accompanying common eigenstates, and
then construct an orthonormal basis out of these.
Consider a measurement process on a system with a
sample S, an experimenter E and a record R, and a set
of measurable sample states M
S
.
Implied in the denition of measurement is a function
from the set of measurable sample states to the set of











Consider a family of functions g
j






to the real numbers. Then we can compose
the function from measurable sample states to record
states with a function g
i
, and the composition is a func-
tion a
j



















In section XVI, we found that mathcalM
S
is a union of
sub-Hilbert spaces of H
S
, which we called D
i
, and which
consist each of mutually degenerate measurable states.
For each D
i
, we can nd a basis B
i









, where k is some label to label
them, using dierent labels for each i. The set of all
labels k we call K.















B is a set of linearly independent states and it is the
basis of a Hilbert space H
0
, which is the smallest sub-
Hilbert space of H
S


































This representation is called the spectral representa-
tion, because it has to do with eigenvalues, and the set of
eigenvalues is called the spectrum in linear algebra. For
example, if there was no degeneracy, the sum of equa-
tion 44 was just a sum over all eigenvalues.
From this representation, we can immediately see the
eigenstates and eigenvalues. Any measurable state is an
eigenstate of all the A
j
, although the associated eigen-








This means that the B is a basis of H
0
consisting of
common eigenstates of all the A
j
.
We see that the A
j
have real eigenvalues, are hermi-
tian, and commute with each other.

















Now we have H
0
, which consists of all measurable
states and their linear combinations, and which has as
an orthonormal basis B, which consists of measurable
states only.
XVIII. NORM AND TIME DEVELOPMENT
We assume that time development is unitary :
U
y
U = 1 (46)




























XIX. MANY SAMPLES IN EQUIVALENT
STATES
Up to now, we could say at least something about mea-
surable states, about multiple measurements of the same
sample, and composite samples in EPR states. However,
we still have not much to say about measurements of
samples in non-measurable states.
Physics has once been dened as the science of repro-
ducible events. To obtain a better understanding of mea-
suring samples in non-measurable states, we now think
about what happens if we repeat, or reproduce, a mea-
surement.
This time, we will consider an arbitrary number of N
samples S
i
. For each sample, we will have a measurement
time development U
iM



















, which are equivalent to the cor-
responding states of the othre samples, and each sample



















Note that the coeÆcients a and b are the same for all
i, because we want all samples S
i
in equivalent states. If
two states are equivalent, they also have the same norm.
Then, we will have a theorist, this time of a kind we
call the counting theorist T
C
: After all measurements,
the counting theorist will look at all records and count,






















































In principle, studying the resulting measurement pro-
cesses requires nothing but plugging in the appropriate





practical terms, the evaluation poses some challenge to
algebraic book-keeping and we therefore will develop a
few tools rst.
Consider strings s made from two characters A and B.
Each such string is dened by a length N , and a string




;    ; s
N
g, where each
position i takes either the value s
i





be the set of strings of length N . The number









be the set of all strings of length N for which
M positions contain A. Then the other N  M positions




















are disjoint, and S
N
















The sizes of the S
M
N




























Finally, for a given string s letM (s) be the length of s
and M (s) be the number of As in s. Then N (s) M (s)
is the number of Bs in s.
Now we go back to our system on which we want to
perform N measurements of samples and then a compar-
ing measurement of the records. The use of strings will






















































































































































We apply rst all the U
iM
and then the U
N
and get
























































































































































































































Let us have a closer look at the initial state in the case
of measuring many samples. It was a linear combination
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of terms for dierent strings s 2 S
N
































With normalized initial sample states, the norm of each
of these terms of the initial state of the whole system is

















































































































Since time development is linear, applying time devel-
opments to the state of the whole system is the same
as applying time developments to each term separately.
Since time developments are unitary, the norm of each
term after time development is the same as before time
development. This means, the norms of all the terms of







































































, the exact structure of all the other parts of







































































a sum of states which dier at least in one of the sam-
ples states. Since the sample states are measurable and






is a sum of orthogonal states.
Its norm is given by the theorem of Pythagoras. It is the






































This moduli vary by order of magnitude for dierent
M . We want to know, for which value ofM this modulus
becomes maximal.
If N , M and (N  M ) are all much larger than one,
we can approximate logarithms of the factorials in the
binomial coeÆcients by Sterling's formula:
log(n!)  n log(n)  n (66)





























(N  M ) log(N  M )

(67)
To nd the maximumfor this as a function ofM , which
we shall callM

, we dierentiate and put the result equal
to zero:























and N , this maximum becomes a sharp
peak. This means, that the nal state consists almost
entirely of contributions with an M that lies close to
M

. The contributions from states further away from
the maximum is exponentially small.
XX. PROBABILITIES
To be able to interpret our model, we clarify how the-
ories in physics predict.
Physics usually is based on comparison between the-
ory an experiment. An experiment is a process where
certain conditions are created and the inuence of these
conditions is observed. The experimental result is then a
description of this inuence in dependence of the created
conditions.
The theory maps the created conditions to mathemat-
ical objects and provides a way to relate these to math-
ematical objects that can be mapped to the inuence.
For example, we connect a battery to a light bulb,
causing the light bulb to steadily emit light. The condi-
tions can be described by a a real number that represents
the electric voltage of the source, and Ohm's Law tells us
that that another real number, representing the electric
current, will be proportional to it.
However, in the real world, we can never create the
exact conditions corresponding to the mathematical rep-
resentation we use. There will be a dierence between
what we assume to be the voltage applied to the bulb
and what the voltage really is. The dierence may be
small, but it is there. In fact, if we want to go to a very
high precision, we will notice that the electric situation
of a light bulb is only with limited accuracy described by
a single real number.
The only reason we still can use Ohm's Law and get a
useful prediction, is that all theories in physics are con-
tinuous. In the case of Ohm's Law, similar voltages lead
to similar currents. In any other part of physics, simi-
lar conditions lead to similar results, provided, they are
similar enough.
Similarity can be dened on normed spaces. Real num-
bers are a normed space. Real numbers are similar, if the
modulus of their dierence is small. In a Hilbert space,
two states are similar, if the norm of their dierence is
small.
The same must be true for quantum mechanics. Simi-
lar states must therefore lead to similar predictions.
For the nal state of the measurement of many equiv-
alent samples, this means we can drop all contributions





, ifM is far enough
away from the maximumM

.






















, but smaller than M
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. If












occurs, if among the samples,














So, if a theorist looks at the journal state, and nds a





with M close to
M

, it has the exact same eect on him as if the number






was close to M

. The more






In the limit of the number of samples N going to inn-







If there is a number of times a choice is made, and the
fraction of choices that are made a certain way converges
in the limit of the number of times a choices is made
going to innity, this is called a probability.
In other words, the theorist looking at the journal sees






, which we call
P (A), and which reads:













It has become a convention in quantum mechanics, to
make as many states normalized as possible, and there-






If we follow this convention, our result takes the well-
known shape:
P (A) = jaj
2
(74)
It is easy to extend this result to superpositions of more
than two states.
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XXI. AMHERST INTERPRETATION OF
QUANTUM MECHANICS
Now we are ready to interpret our results. This in-
terpretation, we shall call the Amherst Interpretation of
Quantum Mechanics.
What would we consider a measurement in practical
terms? A measurement is a process, by which a piece of
information is somehow transferred from a system of in-
terest, which we call a sample, to some other place. This
other place can be an apparatus, a notebook, a computer,
or the brain of a person.
Once this information is extracted, it can be trans-
ferred from this place to other places, like another appa-
ratus, another notebook, another computer, or the brain
of another person.
In some cases, we will be able to directly attribute the
information, or a copy of it, to a degree of freedom how
we usually use them in physics, for example a voltage,
or the position of a mechanical part. In other cases, the
information may be distributed among several obvious
degrees of freedom, but we can always redene our de-
grees of freedom such that there is one degree of freedom
representing our information. In any case, we will at-
tribute our information to a degree of freedom, we call
the record.
Then a measurement is a process as we dened in equa-
tion 9 and used from then on.
A measurable state is then a state of the sample, where
we can be sure to get a certain result. It is what some
people call a \pure state".
What happens in the case of a state not measurable,
but a superposition of measurable states, is more inter-
esting. If the same sample gets measured twice, we found
that a comparison of the results will show that the two re-
sults are equal. So, whoever lives in a world described by
quantum mechanics, will have plenty of evidence, that
repeated measurements of a sample will give identical
results, even if it has been in a superposition. This is
conrmed by experiment. We derived this fact without
additional postulates and without notions like \collapse
of the wave function".
We found that this is not the case with samples that
are equivalent, but not identical.
When measuring many equivalent samples, that are
in a superposition of measurable states, we found that
this produces evidence for anybody comparing the re-
sults, that two dierent results occur, and that they are
occur with probabilities
P (A) = jaj
2
(75)
We found that all this follows from a purely linear
quantum mechanics, based on nothing else but the fol-
lowing axioms:
 The space of states of a system is a complex Hilbert
space
 The space of states of a system consisting of sub-
systems is the direct product of the spaces of the
subsystems
 Time development is linear
 If subsystems do not interact, time development is
a product of time developments of the subsystems
































 Time development is unitary
 Final record states can be measurable states for
other measurements
 Similar states lead to similar measurements, where
similarity by denition means the norm of their dif-
ference is small.
XXII. CONCLUSIONS
The results of this paper can be summarized into the
following conclusions:
 Time development is linear under any circum-
stances, even if a measurement occurs.
 Quantum Mechanics can in principle describe the
whole world, at any time.
 The \collapse of the wave function" is not a nec-
essary concept to predict observations. On no ac-
count, it describes an actual process. It can merely
be used as a simplied way to arrive at predictions
in some cases.
 The occurrence of probabilities can be predicted,
as well as their values.
 Measurement can be dened. It can be dened, if it
happens, when it happens, and what is measured.
 The Copenhagen Interpretation is obsolete to un-
derstand the universe. It may be merely useful to
arrive at predictions in a quick and cheap way in
some cases.
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